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Radiation Environments for Lunar Programs 
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Developing reliable space systems for lunar exploration and infrastructure for extended 
duration operations on the lunar surface requires analysis and mitigation of potential 
system vulnerabilities to radiation effects on materials and systems. This paper reviews 
the characteristics of space radiation environments relevant to lunar programs including 
the trans-Earth and trans-lunar injection trajectories through the Earth’s radiation belts, 
solar wind surface dose environments, energetic solar particle events, and galactic cosmic 
rays and discusses the radiation design environments being developed for lunar program 
requirements to assure that systems operate successfully in the space environment. 
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Radiation environments will be a prime concern for future long term 
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Inclination, Departure Longitude and Dose 
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Inclination, Departure Longitude and Dose 
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Galactic Cosmic Rays, Solar Energetic Particles 
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Galactic Cosmic Rays, Solar Energetic Particles 
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Particles responsible for total dose issues removed by shielding 
Energetic (100’s MeV to multiple GeV) particles difficult to shield 

• Electronics upsets 

• Crew dose STAIF 2007 11-15 February 2007 
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Evaluating stochastic human dose 
risk requires more detailed analysis! 



Total Ionizing Dose Comparison 

Total Ionizing Dose 




1.0 10.0 100.0 1000.0 
Aluminum Shielding Thickness, mm 



Energetic Particle Access to Magnetotail 
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Lunar Radiation Environments 
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Large Flares 
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SPE Anisotropy 
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Constellation Design Environments 
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Constellation Design Environments 
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Constellation Design Environments 
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Constellation Design Environments 
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Constellation Design Environments 

Proton SPE, GCR fluence spectra (for total dose analyses) 

- Based on October 1989 flare, solar minimum GCR environments derived 
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Constellation Design Environments 










Constellation Design Environments 
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